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A MOUNTING MECHANISM FOR A PUSH ROD OF A MASTER CYLINDER 

BACKGROUND OF THE INVENTION 
Field Of The Invention 

[0001] This invention relates to a mounting mechanism for a 
push rod of a master cylinder used in a hydraulic braking system 
or a hydraulic operating system of a clutch. 
Description Of The Related Art 

[0002] A mechanism shown in FIG. 13 is known as a prior art 
mounting mechanism for a push rod of a master cylinder, for 
example, in Japanese Examined Utility Model Publication No. H03- 
15413. 

[0003] FIG. 13 shows only a mounting mechanism for a push rod 
of a master cylinder. A cylinder hole 104 is formed in a 
cylinder main body 100, a piston 102 is slidably fitted into the 
cylinder hole 104, and a pressure chamber is defined between the 
piston 102 and the cylinder hole 104. 

[0004] The piston 102 is pushed to left in FIG. 13 by a push 
rod 106. This push rod 106 has an end portion 105 held in 
contact with the piston 102 and is mounted in the cylinder main 
body 100. The push rod 106 is mounted into the cylinder main 
body 100 by inserting the end portion 105 into the cylinder hole 
104, engaging a fastening member 107 for stopping a longitudinal 
movement with the end portion 105 and fixing the fastening 
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member 107 by fitting a snap ring 108 into a groove 112 formed 
in the wall of the cylinder hole 104. 

[0005] The end portion 105 is formed with a spherical 
projection 109, and the piston 102 and the push rod 106 are 
coupled by bringing the spherical projection 109 and a spherical 
recess 110 formed in the piston 102 together. The spherical 
projection 109 and the spherical recess 110 take the shapes of 
parts of spherical surfaces and the radii of curvature thereof 
are substantially equal. 

[0006] The piston 102 is constantly pushed in a direction 
toward an opening 113 (rightward direction in FIG. 13) by a 
pushing force of a returning spring (not shown) for pushing the 
piston 102 or a hydraulic pressure by an operating device 
connected with the pressure chamber (e.g. a wheel cylinder of a 
braking system or a load acting on an operating cylinder of a 
hydraulic operating system of a clutch) . Accordingly, the push 
rod 106 is stationary while being held in contact with the 
fastening member 107 in a non-operative state of an 
unillustrated pedal, whereas the push rod 106 is moved to left 
in FIG. 13 to be separated from the fastening member 107 when 
the pedal is operated, whereby the piston 102 is moved. 

[0007] The spherical projection 109 of the end portion 105 and 
the spherical recess 110 of the piston 102 described above are 
designed to prevent a pushing position, where the push rod 10 6 
pushes the piston 102, from being largely changed even if a 
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pedal side (right side in FIG. 13) of the push rod 106 should 
shake . 

[0008] In the prior art mounting mechanism thus constructed, 
the fastening member 10 7 for hindering a movement of the push 
rod 106 toward the opening 113 and the snap ring 108 for fixing 
the fastening member 107 are used at an opening end of the 
cylinder hole 104 as described above. 

[0009] However, in this mechanism, it is necessary, upon 
mounting the push rod 10 6 into the end of the cylinder main body 
100, to mount the fastening member 107 on the push rod 106, push 
the piston 102 by means of the end portion 105 of the push rod 
106 to insert the fastening member 107 into the groove 112 and 
fit the snap ring 108 to fix the fastening member 107. 
Therefore, there is a disadvantage of necessitating a tool 

(ordinary tool, special tool or the like) for mounting the push 
rod 106 and a disadvantage of necessitating parts for mounting 

(ordinary fastening part, retaining part, etc.). Further, since 
the snap ring 108 and the fastening member 107 are small parts, 
an assembling operation is cumbersome. 
Summary Of The Invention 

[0010] It is an object of the present invention to provide a 
mounting mechanism for a push rod of a master cylinder which is 
free from the problems residing in the prior art. 

[0011] It is another object of the present invention to provide 
a mounting mechanism for a push rod of a master cylinder which 
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enables the push rod to be readily and easily mounted into a 
cylinder main body without using a tool for mounting and a part 
for mounting. 

[0012] According to an aspect of the invention, a mounting 
mechanism is adapted for a push rod of a master cylinder. A 
piston is reciprocally movably provided in a cylinder hole of a 
main body of the cylinder having openings at the opposite ends. 
The piston is brought into contact by a pushing force of a 
returning spring with one end of the push rod inserted and 
mounted from the one end of the cylinder main body. The push 
rod includes a radially projecting coupling end at the end 
thereof to be brought into contact with the piston. 
[0013] The mounting mechanism includes: in the opening side of 
the cylinder main body that the push rod is to be mounted, a 
through groove formed at an end surface of the cylinder main 
body to have such a shape as to pass the coupling end in an 
inserting state where the longitudinal axes of the cylinder main 
body and the push rod are held substantially normal to each 
other and to prevent the coupling end from coming out in a 
mounting state where the longitudinal axes of the cylinder main 
body and the push rod are substantially aligned; and an 
insertion groove formed in the side surface of the cylinder main 
body in such a manner as to be continuous with the through 
groove and adapted for passing a rod portion of the push rod in 
the inserting state. 
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[0014] These and other objects, features and advantages of the 
present invention will become more apparent upon a reading of 
the following detailed description and accompanying drawings. 
Brief Description Of The Drawings 

[0015] FIG. 1 is a front view in section of a master cylinder 
applied to a hydraulic operating system of a clutch, according 
to an embodiment of the invention; 

[0016] FIG. 2 is a concept diagram of a hydraulic clutch 
control system (clutch-IN) into which the master cylinder is 
incorporated; 

[0017] FIG. 3 is a concept diagram of the hydraulic clutch 
control system (clutch-OUT) into which the master cylinder is 
incorporated ; 

[0018] FIG. 4 is a front view showing a detailed construction 
of a portion near a high-pressure seal; 

[0019] FIG. 5 is a diagram showing a detailed construction of 
the portion near the high-pressure seal when viewed from a 
direction of the arrow "W" in FIG. 1; 

[0020] FIG. 6 is a section showing a construction for coupling 
a first main portion and a second main portion; 

[0021] FIG. 7 is a front view partly in section showing a state 
when a push rod is mounted into a cylinder main body; 
[0022] FIG. 8 is a plan view showing a mounting portion for the 
push rod in detail; 

[0023] FIG. 9 is a front view in section showing the inside of 
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the mounting portion for the push rod in detail; 

[0024] FIG. 10 is a diagram showing the outer shape of an end 
portion (the push rod is not shown) when viewed from right side 
of FIG. 1; 

[0025] FIG. 11A is a plan view showing another mechanism for 
coupling the first main portion and the second main portion; 

[0026] FIG. 11B is an enlarged diagram of a portion encircled 
by a phantom line in FIG. 11A; 

[0027] FIG. 12 is a front view in section of the mechanism 
shown in FIG. 11A; and 

[0028] FIG. 13 is a sectional view showing a prior art mounting 
mechanism for a push rod of a master cylinder. 
Detailed Description Of The Preferred Embodiments 

[0029] A preferred embodiment of the present invention will be 
described. Referring to FIG. 1 showing a construction of a 
master cylinder applied to a hydraulic operating system of a 
clutch, a cylinder main body 10 of the master cylinder 5 is 
provided with a first main portion 12 and a second main portion 
13 to be coupled to the first main portion 12. The first and 
second main portions 12, 13 are coupled by inserting a left end 
portion 23 of the second main portion 13 into a large-diameter 
portion 22 provided at the right end of the first main portion 
12 and fixing the left end portion 23 and the large-diameter 
portion 22 by means of a coupling pin 60 to be described later. 
An opening 18 is formed at the left end of the first main 
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portion 12, whereas an opening 77 used to insert and mount a 
push rod 3 0 is formed at the right end of the second main 
portion 13 . 

[0030] A cylinder hole 16 or a part of a cylinder hole 15 
forming a pressure chamber 11 is formed inside the first main 
portion 12, and a slide hole 17 is formed inside the second main 
portion 13. The cylinder hole 16 and the slide hole 17 have the 
same diameter. When the first and second main portions 12, 13 
are coupled, the longitudinal axes > thereof are aligned to form 
the cylinder hole 15 ' in which the piston 20 is slidable. A 
returning spring 2 8 such as a coil spring for pressing and 
biasing the piston 2 0 to right is provided in the cylinder hole 
15 . 

[0031] The piston 20 is provided with a high-pressure seal 21, 
which comes into sliding contact with the inner surface of the 
cylinder hole 16 formed in the first main portion 12 . The 
piston 12 includes a small-diameter portion 32 at its left side 
and a slidable portion 33 at its right side. The small -diameter 
portion 32 is loosely fitted into the returning spring 28, and a 
plurality of grooves 2 9b long in longitudinal direction are 
formed in the outer surface of the small -diameter portion 32 
while being circumf erent ially spaced apart (described in detail 
later with reference to FIG. 5) . The slidable portion 33 has an 
outer diameter substantially equal to the inner diameter of the 
slide hole 17 and is slidably in contact with the slide hole 17. 
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A contact recess 38 held in contact with a coupling end 40 
formed at the left end of the push rod 3 0 is formed at the right 
end surface of the slidable portion 33. 

[0032] A low-pressure chamber 26 is defined between the end 
portion 23 of the second main portion 13 and the cylinder hole 
16, and a supplying/discharging passage 25 communicates with the 
low-pressure chamber 26. The high-pressure seal 21 provided on 
the piston 12 comes to be located in the low-pressure chamber 2 6 
when the piston 2 0 reaches a rightmost position shown in FIG. 1, 
and the low-pressure chamber 2 6 communicates with the pressure 
chamber 11 via a plurality of grooves 2 9b formed in the piston 
20 and the supplying/discharging passage 25. Further, the 
grooves 29b communicate with a groove 31 into which the high- 
pressure seal 21 is mounted. This groove 31 is formed in the 
outer circumferential surface of the piston 20. 

[0033] A low-pressure seal 27 is held between the left end of 
the second main portion 13 and the right end of the cylinder 
hole 16 for sealing the low-pressure chamber 26 communicating 
with a reservoir (not shown) via the supplying/discharging 
passage 25. 

[0034] The operation of the master cylinder 5 will be described 
with reference to FIGS. 2 and 3 showing a hydraulic clutch 
controlling system into which the master cylinder 5 is 
integrated. When a clutch pedal 4 is treaded on to move the 
piston 20 leftward, the high-pressure seal 21 shuts off the low- 
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pressure chamber 26 and the pressure chamber 11 from each other, 
whereby a hydraulic fluid in the pressure chamber 11 is supplied 
to an operated cylinder 6. The operated cylinder 6 having the 
hydraulic: fluid supplied thereto pushes a leaf spring 9 via a 
lever 8 of a clutch 7, whereby the clutch 7 is let out as shown 
in FIG. 3. Thus, an engine and a transmission are disconnected 
from each other. 

[0035] The clutch 7 is kept let out while the clutch pedal 4 is 
treaded on to exert the hydraulic pressure to the operated 
cylinder 6. Gear is changed while the clutch pedal 4 is treaded 
on and the clutch 7 disconnects the engine and the transmission. 

[0036] When the clutch pedal 4 is freed after the gear changing 
operation is completed, the piston 20 of the master cylinder 5 
is brought back to the clutch- IN state shown in FIG. 2 by the 
elastic pushing force of the returning spring 28 and the pushing 
force of . the hydraulic pressure from the operated cylinder 6 
created by a returning force of the leaf spring 9 of the clutch 
7 and then returned to the rightmost position shown in FIG. 1. 
At this time, an excess hydraulic fluid given by the operated 
cylinder 6 excessively pushed back due to the abrasion of a 
clutch plate of the clutch 7 is fed from the pressure chamber 11 
to the supplying/discharging passage 25 via a plurality of 
grooves 2 9b, thereby being returned to the reservoir. 

[0037] As described above, a position where the master cylinder 
5 produces a hydraulic pressure in the pressure chamber 11 when 
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the clutch pedal 4 is treaded on is a position where the high- 
pressure seal 21 starts entering the cylinder hole 16. Even if 
the clutch plate of the clutch 7 experiences an abrasion or the 
like, a deviation of the operative position of the operated 
cylinder 6 is adjusted by returning the hydraulic fluid to the 
reservoir. Thus, the gear changing operation is performed at a 
constant position. Thus, the operating position of the clutch 
pedal 4 is always constant . 

[003 8] Referring to FIG. 4 showing a detailed construction of a 
portion near the high-pressure seal 21 and FIG. 5 showing the 
piston 20 from a direction of arrow "a" of FIG. 1, the high- 
pressure seal 21 is constructed such that an outer ring 50 made 
of a synthetic resin or the like material having a relatively 
high hardness is arranged at an outer side of the groove 31 and 
an inner ring 51 made of a material having a relatively high 
elasticity is arranged at an inner side of the groove 31. 

[0039] The outer ring 50 has a rectangular cross section and 
such an outer circumferential surface as to be slidably fittable 
into the cylinder hole 16, and is so held in the groove 31 as to 
receive an elastic force of the inner ring from a radially inner 
side. On the other hand, the inner ring 51 has a round cross 
section, is inserted into the groove 31 while being compressed 
between the bottom surface of the groove 31 and the inner 
circumferential surface of the outer ring 50 and presses the 
outer ring 5 0 against the wall of the cylinder hole 16 by its 
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elastic force. 

[0040] Since the outer ring 50 is made of the synthetic resin 
or the like material having a relatively high hardness as 
described above, a corner 52 of the outer, ring 50 remains to 
take a specified shape without being deformed by the influence 
of the hydraulic pressure when being located in grooves 53 
formed to communicate with the low-pressure chamber 26 after the 
piston 20 is returned to the rightmost position shown in FIG. 1. 
Thus, the outer ring 50 has a function of keeping a precise 
opening area. Specifically, a connection area of the pressure 
chamber 11 and the low-pressure chamber 2 6 when the piston 2 0 is 
returned to the rightmost position shown in FIG. 1 suddenly 
increases as the piston 20 is moved since the corner 52 remains 
to take its precise shape. 

[0041] Thus, the excess hydraulic fluid flowing into the 
pressure chamber 11 can be caused to quickly flow to the 
reservoir, and the piston 20 can be stopped at a specified 
position despite the state of the hydraulic fluid flowing into 
the pressure chamber 11 (e.g. a state where the hydraulic fluid 
has a low temperature and a high viscosity or a state where the 
hydraulic fluid is frequently supplied into and discharged from 
the pressure chamber 11 because of the frequent gear changing 
operation) . Therefore, a driver can always have the constant 
operation feeling of the clutch pedal 4. 

[0042] A plurality of grooves 2 9b communicating the side of the 
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groove 31 toward the pressure chamber 11 cause the pressure 
chamber 11 and the low-pressure chamber 26 to communicate when 
the piston 2 0 is returned to the rightmost position shown in 
FIG. 1. Since the hydraulic fluid in the pressure chamber 11 
acts to push the inner ring 51 via the grooves 29b at the left 
side of the groove 31, the bottom surface of the groove 31, the 
inner circumferential surface of the outer ring 50 and the side 
surface of the groove 31 are pressed to make a sealing force 
more secure . 

[0043] A plurality of grooves 53 provided in the low-pressure 
chamber 26 are so formed in the wall of the cylinder hole 16 as 
to communicate with both the low-pressure chamber 26 and the 
cylinder hole 16. When the piston 20 is returned to the 
rightmost position, the grooves 53 stably hold the inner ring 51 
at its rightmost position to secure the connection of the 
pressure chamber 11 and the low-pressure chamber 26. 
[0044] Next, the coupling portion of the cylinder main body 
will be described. The first and second main portions 12, 13 are 
coupled as follows. As shown in FIG. 6, after the end portion 
23 of the second main portion 13 is inserted into the large- 
diameter portion 22 of the first main portion 12, windows 61 
formed in the large -diameter portion 22 and a groove 62 formed 
in the end portion 23 are aligned and the coupling pin 60 is 
inserted through the windows 61, thereby being engaged with the 
groove 62 . It should be noted that a groove 64 formed in the 



12 



P1316US 



end portion 23 functions to hold a lubricating oil for smoothly 
slide the piston 20. 

[0045] With the coupling device shown in FIG. 6, the, first and 
second main portions 12, 13 can be coupled only by inserting the 
end portion 23 of the second main portion 13 into the large- 
diameter portion 22 of the first main portion 12, aligning the 
windows 61 and the groove 64, and inserting the coupling pin 60. 
Thus, the coupling can be easily made using a minimum number of 
parts . 

[0046] A mounting portion for the push rod 30 will be described 
with reference to FIG. 7 showing a state when the push rod 3 0 is 
mounted into the cylinder main body 10, FIG. 8 showing the 
mounting portion for the push rod 3 0 in detail, FIG. 9 showing 
the inside of the mounting portion for the push rod 3 0 in 
detail, and FIG. 10 showing the outer shape of the end portion 
23 (the push rod is not shown) when viewed from right side of 
FIG. 1. It should be noted that FIG. 9 shows a state of the 
push rod 3 0 at the time of insertion and the push rod 3 0 is 
mounted by being turned in a direction C after the insertion. 
[0047] The coupling end 40 is formed at one end of a rod 
portion 74 of the push rod 3 0 and has a large-diameter portion 
41 radially projecting over the entire circumference of the rod 
portion 74. A convex first contact portion 35 to be held in 
contact with the contact recess 38 of the piston 20 is formed at 
a side of the large-diameter portion 41 opposite from the rod 
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portion 74, and a convex second contact portion 35 is formed at 
the side of the large-diameter portion 41 opposite from the 
first contact portion 34. The contact recess 38 and the first 
contact portion 34 take the shapes of parts of spherical 
surfaces having substantially the same radii of curvature. 
Further, the second contact portion 35 is formed at a radially 
outer part of the rod portion 74. 

[0048] On the other hand, the end portion 23 into which the 
coupling end 40 is to be mounted is formed into a substantially 
cylindrical shape having the slide hole 17 inside and is formed 
with the opening 77 through which the push rod 3 0 is inserted 
and mounted. The opening 7 7 is so formed at the outer 
circumferential side of the end portion 23 as to be parallel 
with the longitudinal axis of the end portion 23 as shown in 
FIG. 8, and includes an insertion groove 73 having such a width 
as to enable the rod portion 74 of the push rod 3 0 to be loosely 
fittable therethrough and a through groove 76 formed in an end 
surface 75 of the end portion 23 . 

[0049] The insertion groove 73 has such a length L that the 
coupling end 4 0 can be accommodated into the slide hole 17 and 
turned in the direction C by 90° as shown in FIG. 9. The 
insertion groove 73 is continuous with the through groove 76, 
which takes a shape corresponding to the coupling end 40, i.e. a 
shape obtained by combining a projected shape of the coupling 
end 4 0 in a direction normal to the longitudinal axis of the 
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push rod 3 0 and a projected shape of the rod portion 74 of the 
push rod 3 0 in the same direction. More specifically, as shown 
in FIG. 10, the through groove 76 is comprised of a first 
section 8 0 which projects down in a convex manner and into which 
the first contact portion 34 is loosely fittable, second 
sections 81, 82 which are so shaped as to coincide with a 
projected line of the first contact portion 34, project sideways 
in a convex manner and are continuous with the first section 80, 
and third sections 83, 84 which are formed to connect the second 
sections 81, 82 and the insertion groove 73 and so inclined as 
to coincide with the projected line of the second contact 
portion 35. Since the through groove 76 is shaped as above, the 
coupling end 40 can be inserted therethrough with a longitudinal 
axis A of the end portion 23 (cylinder main body 10) held normal 
to that B of the push rod 3 0 as shown in FIGS. 7 and 9. 
Further, a locking surface 85 to be brought into contact with 
the second contact portion 3 5 is formed on the inner surface of 
the end surface 75. The locking surface 85 and the second 
contact portion 3 5 are formed to have such shapes corresponding 
to parts of spherical surfaces having substantially the same 
radii of curvature. 

[0050] The push rod 30 and the piston 20 are coupled as 
follows. First, as shown in FIG. 9, the longitudinal axis B of 
the push rod 3 0 is held at a right angle to that A of the 
cylinder main body 10, the push rod 30 is moved in such a 
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direction as to push the piston 20 (leftward direction) while 
keeping its posture, and the coupling end 40 is passed through 
the through groove 76. In this way, the rod portion 73 moves in 
the insertion groove 73 and the coupling end 4 0 pushes the 
piston 2 0 to left, whereby the coupling end 4 0 reaches the 
position shown in FIG. 9. Thereafter, the leading end (coupling 
end 37 with the clutch pedal shown in FIG. 1) of the push rod 30 
is turned by 90° in the direction C with the coupling end 40 
held at the above position. Then, the contact recess 3 8 comes 
into contact with the first contact portion 34 and the second 
contact portion 3 5 comes into contact with the locking surface 
85, thereby completing the coupling of the piston 20 and the 
push rod 30. At this time, since the second contact portion 35 
is in contact with the locking surface 85 and the coupling end 
40 is formed with the large-diameter portion 41 having a larger 
diameter than the insertion groove 73, the coupling end 40 does 
not come out of the through groove 76 and the insertion groove 
73 . 

[0051] When the above coupling operation is completed, the 
elastic pushing force of the returning spring 28 acting on the 
piston 20 acts to push the second contact portion 35 against the 
locking surface 85 via the first contact portion 34 of the 
coupling end 40. 

[0052] Accordingly, in the case of the thus constructed 
mounting mechanism of this embodiment, the push rod 30 can be 
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readily and easily mounted by being turned after the coupling 
end 40 thereof formed beforehand is passed through the through 
groove 76 of the cylinder main body 10. No tool is required for 
this mounting operation. 

[0053] In this embodiment, even if the push rod 3 0 is displaced 
from the inserting state to the mounting state, the first 
contact portion 34 thereof slides in contact with the contact 
recess 38 of the piston 20, i.e. the piston 20 is held at the 
specified position. Thus, an operating force required for the 
mounting is sufficient to slightly exceed the elastic force of 
the returning spring 28. In other words, it is not necessary to 
move the piston 2 0 against the pushing force of the returning 
spring 28: a force to merely turn the push rod 3 0 to a 
horizontal position is sufficient. Thus, the push rod 3 0 can be 
easily turned to the horizontal position. Further, since the 
second contact portion 35 is slidably in contact with the 
locking surface 85 defined around the through groove 76 in the 
mounting state of the push rod 30, even if the push rod 30 is 
inclined with respect to the cylinder main body 10 by such a 
force as to incline the push rod 30, the push rod 30 and the 
cylinder main body 10 are held locked into each other without 
any problem. 

[0054] In addition, in this embodiment, even if the piston 2 0 
is moved to left by operating the push rod 30, the pushing force 
from the push rod 3 0 via the piston 2 0 and the pushing force 
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from the piston 2 0 to the push rod 3 0 can be smoothly 
transmitted since the first contact portion 34 and the contact 
recess 3 8 are held in contact at the convex and concave surfaces 
thereof having arcuate cross sections. Further, since the 
large-diameter portion 41 of the coupling end 4 0 is guided by 
the slide hole 17, the push rod 3 0 can be stably operated even 
if a vibration or the like acts thereon. Furthermore, since the 
insertion groove 73 is formed to have such a length L as to turn 
the push rod 3 0 by 90° in the direction C while accommodating 
the coupling end 40 into the slide hole 17, the push rod 3 0 can 
be displaced from the inserting state to the mounting state by 
moving the piston 2 0 against the pushing force of the returning 
spring 28. 

[0055] Next, an air discharging operation and a clutching 
operation of the master cylinder in the mounting mechanism for 
the push rod of the master cylinder according to the embodiment 
are described . 

[0056] The cylinder main body 10 having the push rod 30 mounted 
therein has the supplying/discharging passage 25 connected with 
the reservoir, and the opening 18 of the first main portion 12 
is connected with the operated cylinder 6. 

[0057] In such a state, a bleeder of the operated cylinder 6 is 
opened and the hydraulic fluid is supplied to the reservoir. 
Then, this hydraulic fluid flows from the supplying/discharging 
passage 2.5 into the pressure chamber 11 via the low-pressure 
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chamber 2 6 and further into the operated cylinder 6. 
[0058] If the hydraulic fluid is filled into the cylinder main 
body 10 and the operated cylinder 6 in this way, the hydraulic 
fluid in the pressure chamber 11 is supplied to the operated 
cylinder 6 by treading on the clutch pedal 4 to move the piston 
20 to left. Then, the hydraulic fluid gushes out of the bleeder 
of the operated cylinder 6. Upon the confirmation of this gush, 
air is completely discharged from a pipe extending from the 
cylinder main body 10 to the operated cylinder 6. Thereafter, 
the bleeder of the operated cylinder 6 is closed and the clutch 
pedal 4 is freed. By freeing the clutch pedal 4, the piston 20 
tries to return to the rightmost position of FIG. 1 by the 
elastic pushing force of the returning spring 28. However, an 
amount of the hydraulic fluid corresponding to a leak from the 
portion near the high-pressure seal 21 is supplied to the 
pressure chamber 11 since the supplying/discharging passage 25 
and the pressure chamber 11 are shut off by the high-pressure 
seal 21. Further, by setting the elastic pushing force of the 
returning spring 2 8 stronger than a vacuum force acting on the 
piston 20, the piston 20 gradually returns and, when the high- 
pressure seal 21 reaches the position of the low-pressure 
chamber 26, the supplying/discharging passage 25 and the 
pressure chamber 11 are connected to supply the hydraulic fluid 
from the reservoir. 

[0059] When the clutch pedal 4 is treaded on, this operating 
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force is transmitted to the piston 20 via the push rod 30. 
Thus, the high-pressure seal 21 is fitted into the cylinder hole 
16 and the hydraulic fluid in the pressure chamber 11 is 
supplied to the operated cylinder 6. The operated cylinder 6 
pushes the lever 8 via the leaf spring 9, whereby the clutch 7 
is let out as shown in FIG. 3. The clutch 7 is kept let out 
while the clutch pedal 4 is treaded on. 

[0060] When the clutch pedal 4 is freed, the hydraulic fluid in 
the operated cylinder 6 is pushed back to the pressure chamber 
11 of the cylinder main body 10 by the force of the leaf spring 
9 acting on the operated cylinder 6. Thus, the piston 20 is 
returned to the rightmost position. At this time, if the 
operated cylinder 6 is excessively pushed back beyond the 
specified position due to the abrasion of the clutch plate of 
the clutch 7, the hydraulic fluid pushed back from the operated 
cylinder 6 is returned to the reservoir via the pressure chamber 
11 and the low-pressure chamber 26 connected with the pressure 
chamber 11. Therefore, the piston 20 is held at the rightmost 
position. 

[0061] In this way, the cylinder main body 10 of this 
embodiment conducts a position adjustment even if the clutch 
plate of the clutch 7 is abraded while the clutch 7 is 
repeatedly let in and out. Therefore, the operative position of 
the clutch pedal 4 can be constantly held at the specified 
position, with the result that a driver can have a constant 
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operation feeling . 

[0062] Although the coupling portions of the cylinder main body 
are coupled by the coupling pin 60 in the foregoing embodiment, 
the present invention is not limited thereto. Another mechanism 
may be taken. 

[0063] Referring to FIGS. 11A, 11B and 12 showing another 
mechanism for coupling the first main portion and the second 
main portion, the coupling mechanism is constructed such that 
the end portion 23 of the second main portion 13 is provided 
with a projecting claw 65 and the first and second main portions 
12, 13 are coupled by inserting the claw 65 into an L-shaped 
groove 66 formed in the large -diameter portion 22 of the first 
main portion 12 and turning it. 

[0064] The groove 66 includes a straight groove 67 which is 
parallel with the longitudinal axis of the large-diameter 
portion 22 and into which the claw 65 is loosely insertable, and 
a key groove 68 substantially at a right angle to the straight 
groove 67. The key groove 68 is comprised of a key projection 
70 close to the straight groove 67 and a hooking portion 69 
continuous with the key projection 70 at the back side. 
[0065] With this coupling mechanism thus constructed, the claw 
65 of the second main portion 13 is inserted into the straight 
groove 67 of the first main portion 12 and moved in coupling 
direction and, when the claw 65 reaches the back end of the 
straight groove 67, the first and second main portions 12, 13 
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are turned in opposite directions to insert the claw 65 into the 
key groove 68. After the claw 65 reaches the position of the 
key groove 68 beyond the key projection 70, the piston 20 is 
pushed to right by the elastic pushing force of the returning 
spring 28. Thus, the claw 65 is inserted into the hooking 
portion 69 and engaged with the key projection 70. 
[0066] In the coupling mechanism shown in FIGS. 11A, 11B, and 
12, since the first and second main portions 12, 13 can be 
completely coupled by inserting the claw 65 formed in the second 
main portion 13 into the groove 66 formed in the first main 
portion 12 and turning the first and second portions 12, 13, no 
coupling part (coupling pin) is necessary unlike the 
aforementioned coupling mechanism shown in FIG. 6 and the 
cylinder main body 10 can be assembled in one step. 
[0067] In the foregoing embodiment, the through groove is 
formed to have such a shape obtained by combining the projected 
shape of the coupling end when viewed in the direction normal to 
the longitudinal axis of the push rod and that of the rod 
portion when viewed in the same direction because the 
longitudinal axis of the push rod is held normal to that of the 
cylinder main body and the coupling end is inserted into the 
through groove while this posture is maintained. However, the 
present invention is not limited thereto. For example, the 
longitudinal axis may be held oblique to that of the cylinder 
main body and the coupling end is inserted into the through 
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groove while this posture is maintained. In such a case, the 
through groove is preferably so formed as to have substantially 
the same shape as the one obtained by the projected shapes of 
the coupling end and the rod portion when viewed in the same 
direction as the inserting direction (direction oblique to the 
coupling end and the rod portion) . 

[0068] Although the coupling end has the large-diameter portion 
in the foregoing embodiment, the present invention is not 
limited thereto. For example, the coupling end may have a pair 
or two or more pairs of projections symmetrically projecting 
outward with respect to the longitudinal axis of the push rod. 
However, in this case, there is a possibility that the push rod 
comes out of the cylinder main body if the push rod or the 
cylinder main body is rotated about its longitudinal axis since 
the through groove is formed to have substantially the same 
shape as such a coupling end. Therefore, the coupling end 
preferably has such a large-diameter as in the foregoing 
embodiment . 

[0069] As described above, an inventive mounting mechanism is 
adapted for a push rod of a master cylinder. A piston is 
reciprocally movably provided in a cylinder hole of a main body 
of the cylinder having openings at the opposite ends. The 
piston is brought into contact by a pushing force of a returning 
spring with one end of the push rod inserted and mounted from 
the one end of the cylinder main body. The push rod includes a 
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radially projecting coupling end at the end thereof to be 
brought into contact with the piston. 

[0070] The mounting mechanism includes: in the opening side of 
the cylinder main body that the push rod is to be mounted, a 
through groove formed at an end surface of the cylinder main 
body to have such a shape as to pass the coupling end in an 
inserting state where the longitudinal axes of the cylinder main 
body and the push rod are held substantially normal to each 
other and to prevent the coupling end from coming out in a 
mounting state where the longitudinal axes of the cylinder main 
body and the push rod are substantially aligned; and an 
insertion groove formed in the side surface of the cylinder main 
body in such a manner as to be continuous with the through 
groove and adapted for passing a rod portion of the push rod in 
the inserting state. 

[0071] In this mechanism, the coupling end of the push rod is 
inserted through the opening at the side of the cylinder main 
body where the push rod is to be mounted with the longitudinal 
axis of the push rod held substantially normal to that of the 
cylinder hole, and the coupling end is moved toward the cylinder 
hole together with the piston while being held in contact with 
the piston. At this time, the rod portion of the push rod is 
moved along the insertion groove. Thereafter, the mounting of 
the push rod is completed by turning the push rod to extend 
along the longitudinal axis of the cylinder hole. Thus, the 
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push rod can be readily and easily mounted into the cylinder 
main body without using any tool and any part. 

[0072] Preferably, the coupling end may include a large- 
diameter portion projecting outward over the entire 
circumference, and the large-diameter portion comes into contact 
with the edge of the through groove . 

[0073] With this construction, if the push rod is brought to 
the mounting state after the large-diameter portion of the 
coupling end is passed through the through groove in the 
inserting state where the longitudinal axes of the cylinder main 
body and the push rod are substantially normal to each other, 
the large-diameter portion comes into contact with the edge of 
the through groove. The coupling end formed with the large- 
diameter portion can be securely held in contact with the edge 
of the through groove as compared to such a coupling end 
partially projecting radially of the push rod. Therefore, the 
push rod can be securely prevented from coming out of the 
cylinder main body. 

[0074] Preferably, the large-diameter portion may have a convex 
first contact portion at a side thereof to be brought into 
contact with the piston, a contact recess to be brought into 
contact with the first contact portion is so formed at a 
position of the piston facing the first contact portion as to 
have a shape corresponding to a part of a spherical surface 
having substantially the same radius of curvature as the first 
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contact portion. 

[0075] With this construction, even if the push rod is 
displaced from the inserting state to the mounting state, the 
first contact portion thereof slides in contact with the contact 
recess of the piston, i.e. the piston is held at a specified 
position. Thus, the push rod can be easily turned with a force 
sufficient to do it without making it necessary to move the 
piston against the pushing force of the returning spring. 

[0076] Preferably, the large-diameter portion may have a convex 
second contact portion on an outer portion of the rod portion at 
a side thereof opposite from the first contact portion, and a 
locking surface with which the second contact portion slidably 
comes into contact in the mounting state is formed around the 
through groove . 

[0077] With this construction, since the second contact portion 
slidably comes into contact with the locking surface formed 
around the through groove in the mounting state, even if a force 
acts to incline the push rod with respect to the cylinder main 
body, the cylinder main body and the push rod can be locked into 
each other without any problem. 

[0078] The locking surface may be a concave surface having 
substantially the same radius of curvature as the second contact 
portion or a flat surface. However, it may be preferably the 
former surface: concave surface having substantially the same 
radius of curvature as the second contact portion, in order to 
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suppress fine movements of the piston resulting from the 
inclination of the push rod mounted on a pivotal pedal. 
[0079] Preferably, the insertion groove may have such a length 
that the coupling end can be accommodated into the cylinder hole 
so that the push rod can be inserted through the insertion 
groove . 

[0080] If the insertion groove is short, the push rod cannot be 
displaced from the inserting position to the mounting position. 
By setting the insertion groove to have a specified length or 
longer, the push rod can be displaced from the inserting 
position to the mounting position by moving the piston against 
the pushing force of the returning spring. 

[0081] Preferably, the cylinder main body may be constructed by 
coupling a first main portion in which a pressure chamber is 
defined by the cylinder hole and the piston and a second main 
portion formed with a slide hole to communicate with the 
cylinder hole upon being connected with the first main portion. 

[0082] In this construction, with the first and second main 
portions separated, necessary parts such as the returning spring 
and the piston are inserted into the first main portion. 
Thereafter, the first and second main portions are coupled to 
assemble the cylinder main body. Thus, the cylinder can be 
assembled, with improved operability. 

[0083] This application is based on patent application No. 
2002-345868 filed in Japan, the contents of which are hereby 
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incorporated by references . 

[0084] As this invention may be embodied in several forms 
without departing from the spirit of essential characteristics 
thereof, the present embodiment is therefore illustrative and 
not restrictive, since the scope of the invention is defined by 
the appended claims rather than by the description preceding 
them, and all changes that fall within metes and bounds of the 
claims, or equivalence of such metes and bounds are therefore 
intended to embraced by the claims. 
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